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Changchunstation tracked decommissionediangongl spacecraftsince March 2016 until its reentryin April 2018
Thestationacquired105 passesiuring this period, of which 27 weredaylight passesThe 1 kHz ranging data exhibited
multiplereflectionpatterns,correspondindo its multi-LRAdesign
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Introgduction

The Tiangongl spacecrafis a spacelab module operatedby China National
SpaceAdministration(CNSA). It waslaunchedn Septembe2011andreentered
In April 2018 In March 2016 the spacecrafivas reportedmalfunctional,and
afterwardsit was treatedas spacedebristarget Changchunstationjoined the

campaignto monitor its orbital descentobtaining 105 passesn total. Months
beforeits reentrythe campaigrnwasraisedto high priority.

Table 1. Tiangond laser ranging passes in Changchun

Year Total Daylight
Passes Passes

2016 22 8

2017 52 15

2018:Q1 31 4

Thelaserreflectorarray(LRA) systemof Tiangongl spacecraftvasdesignedo
serverendezvousamissions It consistsof one cornercube reflector (CCR) as
nearfield (NF) LRA, anda CCR array asfar-field (FF) LRA. The designand
function was describedin detail by Li Pu et al. in The designof laser retro-
reflectorsfor the onboardlidar and its application in the docking mission of
ChineseTiangongl spacelab modulein 18th IWLR, Fujiyoshidain year2013
Fig. 1 showstheappearancef FFandNF LRAs.

a) Far Field (FF) LRA b) Near Field (NF) LRA

Figure 1. Tiangond LRAs Appearance.
Photograph courtesy of Shanghai Astronomical Observatory, CAS.

Range Data Aysrysis

In therangedatatwo type of phenomenaxistfor multiple reflectors

Thefirst type arisesfrom rangedifferencebetweenNF andFF LRAS, shownin
Fig. 2, wherethe thickerline representshe FF LRA, while the thinneronethe
NF LRA. The two lines intersectat specific epoch,whenthe two LRAs had
equalrangefrom therangingstation In the left endof lines,the NF line appear
aboveFF line, implying fartherrangeof NF LRA. However,in normalcaseghe
NF line wasrarely seenabovethe FF line, partly dueto spacecrafattitude,but
moreimportantlydueto SPAD depletionby the strongFF signals
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Fig. 2 Data of NF and FF LRAs

Theseconadypeis broughtby fine structureof theFF LRA. TheFFLRA IS

honeycomHike, holdingoneCCRIin eachcell. In certainincidenceangles,
It IS possibleto divide the CCRsinto severalclusters,eachhas similar
rangefrom the rangingstation As is shownin Fig.3, the dataformed a
stratified pattern,for morethan 10 secondsOne candistinguishat most4

layers,but they soonblurredinto a whole CCR arraysalsowere usedin

GNSSLRAs, but no similar phenomenorwas seen,probably becauseof

theweaksignalandthe controlledattitude
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Fig. 3 Data Fine Structure of FF LRA

Discassion
Fine structureof the rangedatacanprovideattitudeinformation Forthose
malfunctional spacecraftscarrying multiple LRAs, laser ranging is an
effectivetechniqueto acquires p a c e attrituald Altrsough not designed
to do so,the Tiangongl LRAs hadgiven valuableattitudemeasurements

during its final descendingperiod In additionto geometricconfiguration,
laserranginglawsalsoaffectmeasuremenesults




